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Description

[0001] The present invention generally relates to an
engine inlet system for a turbofan propulsion engine and,
more particularly, to an engine inlet system that is capa-
ble of separately diverting boundary layer air and free-
stream air into a turbofan propulsion engine
[0002] In conventional aircraft design, the wings of the
aircraft provide aerodynamic lift and further support the
weight of the fuselage. Engines are then coupled to the
wings and/or the fuselage to provide thrust for propelling
the aircraft.
[0003] However, recently there have been significant
developments into the design of "blended wing-body" air-
craft. In a blended wing-body aircraft, the fuselage and
wings are joined to form a smooth curve along the exterior
of the aircraft with no discrete interface between the fu-
selage and the wing. In order to maintain the aerodynam-
ic efficiency and lift characteristics of a blended wing-
body aircraft, it has been determined that an aft-mounted
engine configuration provides the least disturbance of
airflow over the wing-body surface, thereby maintaining
the aerodynamic efficiencies and advantages of the
blended wing-body design.
[0004] Aerodynamic lift is the result of the movement
of fluid (e.g. air) over the surface of the wing. According
to the laws of fluid dynamics, such fluid movement pro-
duces a boundary layer between a region of low static
pressure and a region of high static pressure. According
to current wing design technology, it is preferable to keep
this boundary layer attached along a wing surface in order
to delay or totally prevent flow separation. Such delay or
prevention of the flow separation improves the aerody-
namic characteristics of the wing surface, thereby pro-
viding a wing that produces less drag relative to a wing
having a separated flow field.
[0005] During flight, the boundary layer air that typically
forms along the wing surfaces and fuselage is of low ve-
locity and low static pressure. Because low energy air
causes poor engine performance, some aircraft have em-
ployed some type of boundary layer diverter system to
prevent the boundary layer air from entering the engine
inlet.
[0006] Present boundary layer diverters require vari-
ous subsystems or add on baffles to make them work
properly. Such subsystems and/or baffles may increase
the weight, the cost of production, mechanical complex-
ity, and the cost of maintenance of the aircraft. Also, the
engines would be mounted higher up, causing nose-
down moments and increased wetted area.
[0007] On the other hand, in the case of a blended
wing-body aircraft, when the engines are mounted gen-
erally flush with a trailing edge of the effective wing, the
mixture of boundary layer air and free stream air causes
distortion in a combined inlet. That is, simply aft mounting
engines to a blended wing-body aircraft may produce
poor aerodynamic efficiency of the effective wing surface
and may cause poor engine efficiency due to the intake

of low energy boundary layer air.
[0008] US-A-3,237,891 discloses an engine inlet as-
sembly for a jet propulsion engine of an aircraft, said en-
gine inlet assembly comprising a first air inlet being po-
sitioned generally within a boundary layer flowing around
an exterior surface of the aircraft; a first passage fluidly
interconnecting said first air inlet and the jet propulsion
engine; a second air inlet being positioned generally out-
side of said boundary layer; and a second passage fluidly
interconnecting said second air inlet and the jet propul-
sion engine.
[0009] Accordingly, there exists a need in the relevant
art to provide an engine inlet system for a turbofan pro-
pulsion engine that is capable of separately diverting
boundary layer air and free-stream air to a turbojet pro-
pulsion engine. Furthermore, there exists a need in the
relevant art to provide an engine inlet system that is ca-
pable of maximizing the aerodynamic efficiency of the
wing surface and, simultaneously, maximizing the engine
efficiency of the jet propulsion engine. Still further, there
exists a need in the relevant art to provide an engine inlet
system that overcomes the disadvantages of the prior art.

SUMMARY OF THE INVENTION

[0010] The invention provides an engine inlet assem-
bly according to claims 1 to 9 and an aircraft according
to claim 10.
[0011] A dual boundary layer engine inlet for a turbofan
propulsion engine of an aircraft having an advantageous
construction is provided. The engine inlet includes a first
air inlet positioned generally within the boundary layer
flowing around the exterior surface of the aircraft. A first
passageway fluidly interconnects the first air inlet and
the jet propulsion engine to provide air from the boundary
layer to the bypass to reduce aerodynamic drag. A sec-
ond air inlet is positioned generally outside of the bound-
ary layer. This second passageway fluidly interconnect-
ing the second air inlet and the turbofan propulsion en-
gine to provide free-stream air outside of the boundary
layer to the core and compressor of the turbofan engine
to maintain engine efficiency.
[0012] Further areas of applicability of the present in-
vention will become apparent from the detailed descrip-
tion provided hereinafter. It should be understood that
the detailed description and specific examples, while in-
dicating the preferred embodiment of the invention, are
intended for purposes of illustration only and are not in-
tended to limited the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The present invention will become more fully
understood from the detailed description and the accom-
panying drawings, wherein:

[0012] FIG. 1 is a perspective view illustrating a
blended wing-body aircraft employing a dual bound-
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ary layer engine inlet system according to the prin-
ciples of the present invention;
[0013] FIG. 2 is an enlarged side view, with portions
in cross-section, illustrating the dual boundary layer
engine inlet system; and
[0014] FIG. 3 is an enlarged perspective view of the
inlets of the dual boundary layer engine inlet system.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0014] The following description of the preferred em-
bodiment is merely exemplary in nature and is in no way
intended to limit the invention, its application, or uses.
The following disclosure simply relates to the preferred
embodiment as illustrated in the drawings, however, such
description should not be interpreted as a limitation of
the scope of the present application.
[0015] Referring to FIG. 1, a blended wing-body aircraft
10 is illustrated having a fuselage 12 and a pair of wings
14. Blended wing-body aircraft 10 of the preferred em-
bodiment is characterized by the smooth shallow curve
formed by the exterior structural panels between fuse-
lage 12 and wings 14. Unlike conventional aircraft de-
signs, blended wing-body aircraft 10 has no discrete in-
terface between fuselage 12 and wings 14. The exterior
skin of fuselage 12 and wings 14 join together to form a
blended region 16. Fuselage 12, wings 14, and blended
region 16 cooperate to define a substantially uninterrupt-
ed wing member capable of providing aerodynamic lift
to blended wing-body aircraft 10 according to known aer-
odynamic principles.
[0016] Blended wing-body aircraft 10 further includes
a plurality of turbofan propulsion engines 18. As illustrat-
ed in the figures, the presently preferred embodiment
includes three turbofan propulsion engines 18 generally
mounted to an aft region 20 of blended wing-body aircraft
10. It should be appreciated, however, that the principles
of the present invention may be employed in aircraft hav-
ing any number of engines.
[0017] As best seen in FIG. 2, turbofan propulsion en-
gine 18 served by the presently preferred embodiment
is a turbofan-type jet engine. For instance, an "aft fan"
arrangement was featured on the GENERAL ELECTRIC
CF 700-1. Specifically, turbofan propulsion engine 18 in-
cludes an aft-mounted bypass fan section 22 and a tur-
bine section 24. Turbine section 24 is disposed concen-
trically within bypass fan section 22. Turbine section 24
generally includes a compressor casing 28 and an ex-
haust nozzle 30. A turbine rotor 31 is operably mounted
within compressor casing 28 and is mechanically linked
to a compressor 32. Compressor 32 is disposed within
a compressor casing 28. Finally, a rear cone 34 is mount-
ed within exhaust nozzle 30 so as to provide proper thrust
flow from turbofan propulsion engine 18.
[0018] Bypass fan section 22 includes a plurality of fan
blades 21 in a fan casing 38 so as to provide "cold" flow
thrust from outlet 40 of bypass fan section 22.

[0019] In operation, feed air is supplied to turbofan pro-
pulsion engine 18 via a dual boundary layer engine inlet
system 42. Engine inlet system 42 includes a compressor
air inlet duct 44 and a bypass air duct 46.
[0020] Bypass air duct 46 includes an inlet end 48 and
an outlet end 50. In the presently preferred embodiment
of FIGS. 1 and 3, inlet end 48 of bypass air duct 46 is
generally rectangular in shape such that it is positioned
and substantially follows the curvature of an upper sur-
face 52 of blended wing-body aircraft 10. It should be
understood that upper surface 52 of blended wing-body
aircraft and, consequently, inlet end 48 of bypass air duct
46 may include any inlet end profile that is conducive to
the curvature shape of the aircraft or other aerodynamic
requirements. Outlet end 50 of bypass air duct 46 is gen-
erally circular in cross-section so as to provide a proper
fit with an inlet end 54 of bypass fan section 22 of turbofan
propulsion engine 18. Therefore, bypass air duct 46 in-
cludes a generally complex three-dimensional transition
from the generally rectangular inlet end 48 to the gener-
ally circular outlet end 50.
[0021] Compressor air inlet duct 44 of engine inlet sys-
tem 42 is generally S-shaped having an inlet end 56 and
an outlet end 58. Inlet end 56 of compressor air inlet duct
44 is generally semi-circular in shape (FIG. 3) and is po-
sitioned on top of or in a "piggy-back" position relative to
bypass air duct 46. That is, a generally flat surface 60 of
inlet end 56 of compressor air inlet duct 44 is positioned
upon a corresponding top surface 62 of bypass air duct
46. Outlet end 58 of air inlet duct 44 is generally circular
in shape and of sufficient size so as to be coupled to an
inlet end 64 of compressor casing 28. A grid 61 serves
as a trap for moisture and foreign objects, before the
boundary layer air enters the compressor air inlet duct.
[0022] According to the principles of the present inven-
tion, air inlet duct 44 is positioned within a more high
energy free-stream air. Accordingly, during flight, bound-
ary layer air, generally indicated at 66 (FIG. 2), flows over
upper surface 52 of blended wing-body aircraft 10. Inlet
end 48 of bypass air duct 46 is generally disposed within
this boundary layer air 66 so as to provide fluid commu-
nication of boundary layer air 66 to bypass fan section
22 of turbofan propulsion engine 18.
[0023] An advantage of this arrangement is that the
operation of bypass fan 21 in bypass fan section 22 pro-
duces a reduced pressure at inlet end 54 of bypass fan
section 22. This reduced pressure condition further exists
within bypass air duct 46 and serves to scavenge the
flow of boundary layer air 66 over upper surface 52 of
blended wing-body aircraft 10. That is, the reduced pres-
sure condition within bypass air duct 46 helps to enhance
or promote the flow of boundary layer air 66 over a larger
longitudinal portion of upper surface 52 relative to aircraft
of conventional design not utilizing this reduced pressure
condition.
[0024] In order to supply higher energy free-stream air
to turbine section 24 of turbofan propulsion engine 18,
inlet end 56 of turbine air duct 44 is positioned substan-
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tially above boundary layer air 66 (FIG. 2) and, thus, is
open to free-stream air, generally indicated at 68. Such
free-stream air 68 is supplied to inlet end 56 of compres-
sor inlet 58. As is well known in the art, free-stream air
serves to improve the engine efficiency of known jet pro-
pulsion engines.
[0025] As should be appreciated from the foregoing
discussion, the dual boundary layer engine inlet system
according to the principles of the present invention pro-
vides a number of aerodynamic and commercial advan-
tages. For instance, the dual boundary layer, engine inlet
system of the present invention provides a method of
supplying high energy free-stream air to the engine’s
compressor inlet while, simultaneously, supplying
boundary layer air to a bypass fan inlet. The bypass fan
produces reduced pressure that scavenges and pro-
motes the attached relationship of the boundary layer air
to the aircraft lift surfaces. Furthermore, the dual bound-
ary layer engine inlet system of the present invention
enables the aft mounting of the turbofan propulsion en-
gines so as to facilitate simple and convenient repair
and/or maintenance in a commercial environment. Sim-
ple and convenient repair and maintenance of the jet en-
gines is a prerequisite to commercial viability within the
passenger and military transport arenas.
[0026] The description of the invention is merely ex-
emplary in nature and, thus, variations that do not depart
from the gist of the invention are intended to be within
the scope of the invention. Such variations are not to be
regarded as a departure from the scope of the invention.

Claims

1. An engine inlet assembly for a jet propulsion engine
(18) of a blended wing-body aircraft (10), said engine
inlet assembly being mountable upon a substantially
uninterrupted wing member capable of providing
aerodynamic lift, defined by fuselage (12), wings (14)
and blended region (16) of said blended-wing aircraft
(10), comprising:

a first air inlet (48) being positioned generally
within a boundary layer flowing around said wing
member of the aircraft;
a first passage (46) fluidly interconnecting said
first air inlet and a bypass section (22) of the jet
propulsion engine;
a second air inlet (56) being positioned generally
outside of said boundary layer; and
a second passage (44) fluidly interconnecting
said second air inlet and a turbine section (24)
of the jet propulsion engine, wherein said first
air inlet is generally rectangular, said first air inlet
being positionable generally flush on said exte-
rior surface of the aircraft; and said second air
inlet is generally semi-circular, said second air
inlet being generally positioned in piggyback re-

lationship with said first air inlet.

2. The engine inlet assembly according to Claim 1
wherein said first air inlet cooperates with the jet pro-
pulsion engine to produce a reduced pressure gen-
erally adjacent said wing member, said reduced
pressure generally promotes attachment of said
boundary layer to said wing member for aircraft drag
reduction.

3. The engine inlet assembly according to Claim 1 or
2 wherein said second air inlet generally provides
unobstructed air flow to the jet propulsion engine.

4. The engine inlet assembly according to Claim 1, 2
or 3 wherein said second passage is generally S-
shaped.

5. The engine inlet assembly according to any of
Claims 1-4 wherein said first passage includes an
outlet end being in fluid communication with said jet
propulsion engine; and said second passage in-
cludes an outlet end being in fluid communication
with said jet propulsion engine, said outlet end of
said second passage being generally positioned in
concentric relationship with said outlet end of said
first passage.

6. The engine inlet assembly according to any of
Claims 1-5, further comprising:

a grid member (61) mounted to said first air inlet
to minimize entry of moisture and foreign objects
into said first passageway.

7. The engine inlet assembly according to any of
Claims 1-6 wherein:

said jet engine is a turbofan type jet engine hav-
ing a core and compressor and a fan;
said first air inlet passage being coupled in fluid
communication between said portion of said
boundary layer and said fan; and
said second air inlet passage being coupled in
fluid communication between said air stream
outside said boundary layer and said core and
compressor for providing free stream air flow to
said core and compressor.

8. The engine inlet assembly according to Claim 7
wherein said fan produces a reduced pressure within
said first air inlet passage for generally promoting
attached flow of said boundary layer outside of said
turbofan type jet engine for drag reduction.

9. The engine inlet assembly according to any of
Claims 1-8 wherein said jet engine is aft-mounted.
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10. Aircraft, comprising:

- a blended wing body;
- at least one engine inlet assembly according
to any of claims 1-9.

Patentansprüche

1. Triebwerkeinlassanordnung für ein Düsentriebwerk
(18) eines Nurflügel-Flugzeugs (10), wobei die
Triebwerkeinlassanordnung an einem im Wesentli-
chen ununterbrochenen Flügelteil, das in der Lage
ist, aerodynamischen Auftrieb zu liefern und durch
Rumpf (12), Flügel (14) und Übergangsbereich (16)
des Nurflügel-Flugzeugs (10) definiert ist, anbring-
bar ist, umfassend:

einen ersten Lufteinlass (48), welcher im Allge-
meinen in einer Grenzschicht angeordnet ist,
welche um das Flügelteil des Flugzeugs herum
strömt;
einen ersten Durchgang (46), welcher strö-
mungstechnisch den ersten Lufteinlass und ei-
nen Überströmungsabschnitt (22) des Düsen-
triebwerks miteinander verbindet;
einen zweiten Lufteinlass (56), welcher im All-
gemeinen außerhalb der Grenzschicht ange-
ordnet ist; und
einen zweiten Durchgang (44), welcher strö-
mungstechnisch den zweiten Lufteinlass und ei-
nen Turbinenabschnitt (24) des Düsentrieb-
werks miteinander verbindet, wobei der erste
Lufteinlass im Allgemeinen rechtwinklig ist, wo-
bei der erste Lufteinlass im Allgemeinen bündig
auf der äußeren Oberfläche des Flugzeugs po-
sitionierbar ist; und wobei der zweite Lufteinlass
im Allgemeinen halbkreisförmig ist, wobei der
zweite Lufteinlass im Allgemeinen in einer Huk-
kepack-Beziehung mit dem ersten Lufteinlass
angeordnet ist.

2. Triebwerkeinlassanordnung nach Anspruch 1, wo-
bei der erste Lufteinlass derart mit dem Düsentrieb-
werk zusammenwirkt, dass ein verringerter Druck
im Allgemeinen neben dem Flügelteil erzeugt wird,
wobei der verringerte Druck im Allgemeinen ein An-
haften der Grenzschicht an dem Flügelteil fördert,
um einen Luftwiderstand des Flugzeugs zu verrin-
gern.

3. Triebwerkeinlassanordnung nach Anspruch 1 oder
2, wobei der zweite Lufteinlass im Allgemeinen für
einen ungestörten Luftstrom zu dem Düsentriebwerk
sorgt.

4. Triebwerkeinlassanordnung nach Anspruch 1, 2
oder 3, wobei der zweite Durchgang im Allgemeinen

S-förmig ist.

5. Triebwerkeinlassanordnung nach einem der An-
sprüche 1-4, wobei der erste Durchgang ein Auslas-
sende umfasst, welches sich in einer Strömungsver-
bindung mit dem Düsentriebwerk befindet; und wo-
bei der zweite Durchgang ein Auslassende umfasst,
welches sich in einer Strömungsverbindung mit dem
Düsentriebwerk befindet, wobei das Auslassende
des zweiten Durchgangs im Allgemeinen in einer
konzentrischen Beziehung mit dem Auslassende
des ersten Durchgangs angeordnet ist.

6. Triebwerkeinlassanordnung nach einem der An-
sprüche 1-5, weiter umfassend:

ein Gitterteil (61), welches an dem ersten Luft-
einlass angebracht ist, um einen Eintritt von
Feuchtigkeit und Fremdkörpern in den ersten
Durchgang zu minimieren.

7. Triebwerkeinlassanordnung nach einem der An-
sprüche 1-6, wobei:

das Düsentriebwerk ein Düsentriebwerk eines
Turbobläsertyps mit einem Inneren und einem
Kompressor und einem Gebläse ist;
wobei der erste Lufteinlassdurchgang in einer
Strömungsverbindung zwischen dem Abschnitt
der Grenzschicht und dem Gebläse gekoppelt
ist; und
wobei der zweite Lufteinlassdurchgang in einer
Strömungsverbindung zwischen dem Luftstrom
außerhalb der Grenzschicht und dem Inneren
und dem Kompressor gekoppelt ist, um für einen
freien Luftstrom zu dem Inneren und dem Kom-
pressor zu sorgen.

8. Triebwerkeinlassanordnung nach Anspruch 7, wo-
bei das Gebläse einen verringerten Druck innerhalb
des ersten Lufteinlassdurchgangs erzeugt, um im
Allgemeinen einen anhaftenden Strom der Grenz-
schicht außerhalb des Düsentriebwerks vom Turbo-
bläsertyp zu fördern, um einen Luftwiderstand zu
verringern.

9. Triebwerkeinlassanordnung nach einem der An-
sprüche 1-8, wobei das Triebwerk am Heck ange-
bracht ist.

10. Flugzeug umfassend:

- einen Nurflügel-Körper;
- mindestens eine Triebwerkeinlassanordnung
nach einem der Ansprüche 1-9.
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Revendications

1. Ensemble d’entrée de moteur pour un turboréacteur
à propulsion (18) d’un avion à ailes raccordées au
fuselage (10), ledit ensemble d’entrée de moteur
pouvant être monté sur un élément d’aile sensible-
ment ininterrompu capable de fournir une portance
aérodynamique, défini par le fuselage (12), les ailes
(14) et une région raccordée au fuselage (16) dudit
avion à ailes raccordées au fuselage (10),
comprenant :

une première entrée d’air (48) qui est position-
née généralement dans une couche de limite
s’écoulant autour dudit élément d’aile de
l’avion ;
un premier passage (46) interconnectant de ma-
nière fluide ladite première entrée d’air et une
section de dérivation (22) du turboréacteur à
propulsion ;
une seconde entrée d’air (56) étant positionnée
généralement à l’extérieur de ladite couche de
limite ; et
un second passage (44) interconnectant de ma-
nière fluide ladite seconde entrée d’air et une
section de turbine (24) du turboréacteur à pro-
pulsion, dans lequel ladite première entrée d’air
est généralement rectangulaire, ladite première
entrée d’air pouvant être positionnée générale-
ment de niveau sur ladite surface extérieure de
l’avion ; et
ladite seconde entrée d’air est généralement
semi-circulaire, ladite seconde entrée d’air étant
généralement positionnée selon une relation sur
le dos avec ladite première entrée d’air.

2. Ensemble d’entrée de moteur selon la revendication
1, dans lequel ladite première entrée d’air coopère
avec le turboréacteur à propulsion pour produire une
pression réduite généralement adjacente audit élé-
ment d’aile, ladite pression réduite favorise généra-
lement la fixation de ladite couche de limite audit
élément d’aile pour une réduction de la traînée de
l’avion.

3. Ensemble d’entrée de moteur selon la revendication
1 ou 2, dans lequel ladite seconde entrée d’air fournit
généralement un écoulement d’air non obstrué au
turboréacteur à propulsion.

4. Ensemble d’entrée de moteur selon la revendication
1, 2 ou 3, dans lequel ledit second passage est gé-
néralement en forme de S.

5. Ensemble d’entrée de moteur selon l’une quelcon-
que des revendications 1 à 4, dans lequel ledit pre-
mier passage comprend une extrémité de sortie qui
est en communication de fluide avec ledit turboréac-

teur à propulsion ; et ledit second passage comprend
une extrémité de sortie qui est en communication de
fluide avec ledit turboréacteur à propulsion, ladite
extrémité de sortie dudit second passage étant gé-
néralement positionnée selon une relation concen-
trique avec ladite extrémité de sortie dudit premier
passage.

6. Ensemble d’entrée de moteur selon l’une quelcon-
que des revendications 1 à 5, comprenant en outre :

un élément de grille (61) monté sur ladite pre-
mière entrée d’air pour minimiser l’entrée d’hu-
midité et de corps étrangers dans ladite premiè-
re voie de passage.

7. Ensemble d’entrée de moteur selon l’une quelcon-
que des revendications 1 à 6, dans lequel :

ledit turboréacteur est un turboréacteur de type
à double flux ayant une âme et un compresseur
et un ventilateur ;
ledit premier passage d’entrée d’air étant couplé
en communication de fluide entre ladite partie
de ladite couche de limite et ledit ventilateur ; et
ledit second passage d’entrée d’air étant couplé
en communication de fluide entre ledit courant
d’air à l’extérieur de ladite couche de limite et
ladite âme et ledit compresseur pour fournir un
écoulement d’air de courant libre à ladite âme
et audit compresseur.

8. Ensemble d’entrée de moteur selon la revendication
7, dans lequel ledit ventilateur produit une pression
réduite dans ledit premier passage d’entrée d’air
pour favoriser généralement l’écoulement rattaché
de ladite couche de limite à l’extérieur dudit turbo-
réacteur de type à double flux pour réduire la traînée.

9. Ensemble d’entrée de moteur selon l’une quelcon-
que des revendications 1 à 8, dans lequel ledit tur-
boréacteur est monté à l’arrière.

10. Avion comprenant :

- un corps d’aile raccordée au fuselage ;
- au moins un ensemble d’entrée de moteur l’une
quelconque des revendications 1 à 9.
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